The aim of this work was to develop and validate a simple, efficient, sensitive and selective method for the analysis of dissolution samples of mexiletine hydrochloride capsules by HPLC without the necessity of any time-consuming extraction, dilution or evaporation steps prior to drug assay. Separation was performed isocratically on a 5 µm LiChrospher 60, RP-Select B column (250 x 4 mm ID) using the mobile phase buffer-acetonitrile (60:42, v/v) at a flow rate of 1.2 mL min -1 and UV detection at 262 nm. The elution occurred in less than 10 minutes. The assay was linear in the concentration range 50-300 µg mL -1 (r 2 = 0.9998). The validation characteristics included accuracy, precision, linearity, specificity, limits of detection and quantification, stability, and robustness. Validation acceptance criteria were met in all cases (the percent recoveries ranged between 100.01 and 101.68 %, RSD < 0.44 %). The method could be used for the determination of mexiletine hydrochloride and for monitoring its concentration in in vitro dissolution studies.
INTRODUCTION
Mexiletine hydrochloride is an orally active class I anti-arrythmic agent. Chemically it is 1-methyl-2-(2,6-xylyloxy)-ethylamine hydrochloride (Fig.  1 ). Mexiletine hydrochloride has been shown to be effective in the suppression of induced ventricular arrhythmias, including those induced by glycoside toxicity and coronary artery ligation. It is available in capsule form. 1 Fig. 1 Mexiletine hydrochloride is a white powder, freely soluble in water and in ethanol, slightly soluble in acetonitrile and practically insoluble in diethyl ether. 2 Various analytical methods have been reported in the literature for the quantitative determination of mexiletine hydrochloride in human plasma or serum. These methods are quite limited and typically involve a derivatization step. [3] [4] [5] [6] [7] The literature on HPLC analysis of mexiletine hydrochloride in raw materials and pharmaceutical preparations is rather poor. 1, 2, [8] [9] [10] [11] [12] [13] [14] Due to their high sensitivity and selectivity, analytical methods such as liquid chromatography were previously reported to be used for the determination of active substances in dissolution samples. [15] [16] [17] [18] [19] [20] [21] As is known, dissolution testing is a regular quality control procedure in good manufacturing practice, and dissolution data are also a substantial parameter for the evaluation of the bioavailability of drugs. The dissolution test has emerged in the pharmaceutical field as a very important tool for the characterization of the performance of a drug product. It provides measurements of the bioavailability of a drug and can demonstrate bioequivalence from batch-to-batch as well. In addition, dissolution is a requirement for regulatory approval for product marketing. To the best of our knowledge there are only two references for the determination of the amount of mexiletine hydrochloride dissolved from capsules (derivative spectrophotometry and sequential injection method) during dissolution studies. 9, 14 The aim of the present work was to develop and validate a simple, efficient, sensitive and selective method for the analysis of dissolution samples of mexiletine hydrochloride capsules by HPLC. The analytical methods reported were validated in terms of specificity, linearity, accuracy, precision, stability and robustness. 22 
EXPERIMENTAL

Chemicals and reagents
Mexiletine hydrochloride, working certified standard, 100.39 % purity, was purchased from Medichem S.A. (Barcelona, Spain). Acetonitrile (HPLC gradient grade) was purchased from J. T. Baker (Deventer, Holland). Potassium dihydrogen phosphate and ortho-phosphoric acid 85 %, suprapur, were purchased from Merck KgaA (Darmstadt, Germany). Purified water was obtained using an Arium Laboratory Equipment (RO, UV) from Sartorius A.G. (Gottingen, Germany). The mobile phase was filtered through a 0.45 µm Sartorius membrane filter (Gottingen, Germany). Capsules of mexiletine hydrochloride, containing 200 mg of active substances, were obtained inhouse and commercially.
Equipment
The HPLC system consisted of a binary pump G1312A, an manual injector G1328A, a thermostated column compartment G1316A and a UV detector G1314A, all 1100 Series, from Agilent Technologies, which was controlled by HP Chemstation software (Waldbroon, Germany). An Erweka DT700LH dissolution apparatus (USP II) (Heusenstamm, Germany) was used. The employed Transsonic 470/H ultrasonic bath was from Elma, (Singen, Germany). The CP224S -OCE analytical balance was from Sartorius A.G. (Gottingen, Germany); the repeatability (standard deviation) of the balance: ±0.0001 g.
Chromatographic conditions
Separation was achieved on a LiChrospher 60, RP-Select B column 250 x 4 mm, 5 µm (Merck). The elution was isocratic at 1.2 mL min -1 using a mobile phase of bufferacetonitrile (60 : 42, v/v). The column temperature was maintained at 30 °C. The injection volume was 20 µL with UV detection at 262 nm.
The buffer was prepared by dissolve 1.28 g dodecyl sodium sulfate and 4.00 g of anhydrous sodium dihydrogen phosphate in 600 mL of water (pH 4.5).
Dissolution
A calibrated dissolution apparatus (USP II) was used with the paddles turning at 50 rpm and a bath temperature maintained at 37 ± 0.5 °C. Nine hundred milliliter freshly prepared and degassed water was used as the dissolution medium. Six capsules were evaluated for each tested drug product. Dissolution samples were collected manually at 10, 15, 20, 30 and 45 min. At each time point, a 10 mL sample was removed from each vessel and filtered through a filter (0.45 µm) into glass vials and analyzed by HPLC.
The amount of mexiletine hydrochloride in the test samples was calculated, as percentage dissolved, from the measured peak area for the test samples, which were compared with the peak area for a standard mexiletine hydrochloride solution.
Preparation standard solutions
Mexiletine hydrochloride stock solution I of 1 mg mL -1 was prepared in water using a working certified standard, by accurately weighing the mexiletine hydrochloride standard (approximately 25 mg) and transferring it into a 25 mL volumetric flask. Calibration standard solutions were prepared by diluting the stock solution I (50 -300 µg mL -1 ).
A system suitability standard solution, which contained 222 µg mL -1 , was prepared by measuring 22.2 mg mexiletine hydrochloride and diluting with purified water to 100 mL.
RESULTS AND DISCUSSION
Selection and optimization of analytical method
UV spectrophotometry and HPLC are most commonly used for the analysis of dissolution samples. UV is the more preferable choice when compared to HPLC because of the time required for the analysis of the sample. In cases when the interference is higher than 2 %, it is recommended to choose another wavelength, second derivative, baseline subtraction or HPLC. Regarding interference from excipients, sensitivity issues, automated system and regulatory agencies, an HPLC method for the determination of mexiletine hydrochloride after dissolution is recommended, especially if it has a short retention time.
In order to obtain the best chromatographic conditions, the wavelength for detection, the column and the mobile phase composition must be adequately selected.
The starting point for the development of the assay of mexiletine hydrochloride were the chromatographic conditions given in the USP (The United States Pharmacopoeia). 9 The USP method utilizes a mobile phase of MeOH and acetate buffer (pH 4.8) (60 : 40, v/v), UV detection at 254 nm, column Purospher STAR RP18e (250 x 4.6 mm, 5 µm) and a flow rate of 1 mL min -1 . An initial attempt resulted in an acceptable retention time (about 8 min.), the USP tailing factor was 1.7, but there was interference from the body of the capsules (Fig. 2) . Fig. 2 In order to resolve this problem, the conditions set by the Japanese Pharmacopoeia (UV detection at 210 nm, column 150 x 4 mm, packed with octyl-silanized silica gel for liquid chromatography, about 7 µm in particle diameter, mobile phase buffer and acetonitrile (60 : 42, v/v)) were modified in terms of wavelength, buffer composition and column. 2 A LiChrospher 60, RP Select B, 250 x 4 mm, 5 µm column was used at 30 °C with a mobile phase flowrate of 1.2 mL min -1 . A detection wavelength of 262 nm was selected for the analysis because the drug has sufficient absorption and low quantities of mexiletine hydrochloride may be detected correctly. Furthermore, the calibration curves obtained at 262 nm show good linearity. Regarding the mobile phase, one buffer solution was without an ion-pairing reagent, but every subsequent phase (four in total), contained a different ionpairing reagent: sodium hexane sulfonate, sodium heptane sulfonate, sodium octane sulfonate and dodecyl sodium sulfate, used in the same molar quantity, respectively (0.004 mol L -1 ). The obtained results are given in Table I . Table I In order to select the proper reagent, alkyl chain lengths must be taken into consideration. The chain lengths enable selective separation of the analyte. The longer the chain, the greater is the retention (about 14 minutes for dodecyl sodium sulfate), but the features of the peak are better (the USP tailing factor decreased from 1.8 for sodium hexane sulfonate to 1.2 for dodecyl sodium sulfate).
In order to obtain the shortest retention time with the best features of peak and the highest efficiency, the quantity of dodecyl sodium sulfate and sodium dihydrogen phosphate were optimized. Finally, the aforementioned composition of the mobile phase, described in Experimental part was chosen as the mobile phase (buffer -acetonitrile (60 : 42, v/v)). The retention time was about 9 minutes (USP tailing factor 1.0, number of plates per column above 12000). When compared to Japanese Pharmacopoeia, using the same flow (1.2 mL min -1 ) the retention time was obviously shorter.
Taking into account the above-mentioned facts, peak characteristics and retention time that is short enough, for further work, the method given in the Experimental Part was chosen (i.e., the method given in the Japanese Pharmacopoeia was modified concerning the employed wavelength, buffer composition and column).
Validation of the method
The method was validated according to the ICH guidelines (International Conference on Harmonization). 22 The following validation characteristics were determined: specificity, linearity, accuracy, precision, limits of detection and quantification, stability and robustness.
Suitability test. System suitability was determined from six replicate injections of the system suitability standard solution before sample analysis. According to the USP, the acceptance criteria are less than 2 % relative standard deviation (RSD) for the peak area, column efficiency (N) greater than 2000 column plates and USP tailing factor less than 2.0. The system suitability test ensures the validity of an analytical procedure. All critical parameters tested met the USP acceptance criteria. For this method, the RSD of the mean peak area was below 1.8 %, the mean USP tailing factor was 1.0 and N (column efficiency) was above 12000 plates per column.
Specificity. The specificity was evaluated by preparing a placebo sample of a commercial formulation of capsules in their usual concentrations. The placebo contained corn starch, silicon dioxide, magnesium stearate and body capsule. This sample was transferred to a vessel with 900 mL of the dissolution medium and stirred at 50 rpm using the paddle for 60 minutes (USP apparatus II) at a temperature of 37 °C. Aliquots of this solution (10 mL) were filtered and analyzed by HPLC.
The specificity analysis revealed that the developed HPLC method did not suffer interference from the formulation excipients, since no other peak was registered at the retention time of mexiletine hydrochloride (Fig. 3) . Fig. 3 Linearity. Standard calibration curves were prepared with six calibrators over the mexiletine hydrochloride concentration range of 50 -300 µg mL -1 (50, 100, 150, 200, 250, 300 µg mL -1 ), with triplicate determination at each level. The data of peak area vs. drug concentration were treated by linear least square regression analysis. Values of the slope, the intercept and the coefficient of determination of the calibration curve for mexiletine hydrochloride are given in Table II . The high value of the coefficient of determination indicated good linearity. Table II Precision and accuracy. To test the precision and accuracy of the method, solutions containing all excipients in amounts equivalent to one capsule were spiked with a known amount of mexiletine hydrochloride. Taking into consideration the excellent solubility of mexiletine hydrochloride in the dissolution media suggested by the USP, 80, 100 and 120 % were chosen as the three concentration levels for the testing of the accuracy and precision. The determination of mexiletine hydrochloride was realized six times under the same operating conditions over a short period of time (assay working concentrations of 177.78 µg mL -1 , 222.22 µg mL -1 and 266.66 µg mL -1 mexiletine hydrochloride, respectively). The precision and accuracy of the chromatographic method, reported as RSD (%) and recovery (%), respectively, were assessed by estimating the repeatability of the results for six replicate injections at three different concentration levels. The recovery, 95 % confidence interval, and RSD values obtained per each level illustrated the good precision and accuracy of the method (Table III) . Table III The intermediate precision of the method was investigated by making ten consecutive injections of a standard solution on two different days by different analysts using two different HPLC instruments. On both days, the RSD values were calculated for the peak area responses obtained for the mexiletine hydrochloride peaks. The data obtained suggested that the method exhibited an acceptable intermediate precision with less than 2.0 % RSD for the mexiletine hydrochloride standard solution (Table IV) . Table IV Limits of detection and quantification. The limits of detection (LOD) and quantification (LOQ) were determined based on the standard deviation of the response (y-intercept) and the slope of the calibration plot for low concentrations, in accordance with ICH guidelines. 22 The LOD and LOQ for mexiletine hydrochloride were 2.07 and 6.21 µg mL -1 , respectively.
Sample stability. The stability of mexiletine hydrochloride in aqueous solutions was tested during a 15-day test period. All the samples were kept in the dark at a temperature of +4 °C (in a refrigerator). All the samples were injected into the appropriate HPLC system after 48 hours, 7 days and 15 days against fresh standard solutions. No changes in the chromatographic response of the stored samples were found and no additional peaks appeared when compared with chromatograms of the freshly prepared samples.
Robustness. The experimental results of the robustness study are summarized in Table V . Critical chemical and instrumental chromatographic parameters, such as the composition and flow rate of the mobile phase, the column temperature and the injection volume, were deliberately varied in the narrow range compared to their optimal values. The peak areas obtained using mexiletine hydrochloride standard solution of 222 µg mL -1 confirmed the robustness of the HPLC assay, since the obtained values were within the acceptance limits (95.0-105.0 %) in all cases. Table V Analysis of marketed products. The validated method was used for the analysis of two mexiletine hydrochloride drug products. This included drug products from two different manufacturers, as capsules with a dose strength of 200 mg, using the proposed method. The dissolution profiles of both products are presented in Fig. 4 . Fig. 4 The two capsule products (products A and B) showed a similar dissolution profile with over 85 % dissolution within 15 minutes (similarity factor f 2 = 85). The dissolution profiles were compared by the calculated similarity factor (f 2 ) derived using the following equation: 14   0 5 n 2 2 t t 1 1 50 log 1 100
where n is the number of time points, R t the dissolution value of the reference batch at time t and T t is the dissolution value of the test batch at time t. Generally, f 2 values greater than 50 (50 -100) indicate similarity of the compared dissolution profiles. The USP acceptance limits for the dissolution of mexiletine capsules were not less than 80 % of the labeled amount in 30 minutes.
CONCLUSIONS
A simple and efficient HPLC method was developed and found to be accurate, precise and linear across the analytical range. The method was suitable for the determination of mexiletine hydrochloride in dissolution samples. The methods may be used to assess the quality of commercially available mexiletine hydrochloride drug products. In addition, a significant advantage of the method is that no additional pretreatment of the samples is required prior to the measuring step, thus accelerating the quality control process. An overall duration of the analysis of less than 11 minutes was achieved (including sample preparation). The method was used successfully to evaluate the dissolution profiles of two marketed drug products. Cilj ovog rada je bio razviti i validirati jednostavnu, efikasnu, osetljivu i selektivnu metodu za analizu uzoraka meksiletin-hidrohlorida dobijenih rastvaranjem aktivne supstance iz kapsula pomoću HPLC bez prethodne posebne pripreme uzoraka (ekstrakcije, razblaživanja, uparavanja itd.). Separacija je izvedena sa 5 µm LiChrospher 60, RP-Select B kolonom (250 x 4 mm, 5 µm), sa mobilnom fazom pufer -acetonitril (60 : 42, v/v) izokratskim eluiranjem za manje od 10 minuta sa protokom od 1,2 mL min -1 . Uzorci su detektovani na 262 nm. Linearnost je ispitana u koncentracionom području od 50 -300 µg mL -1 (r 2 = 0,9998). Validacione karakteristike uključuju tačnost, preciznost, linearnost, specifičnost, limite detekcije i kvantifikovanja, stabilnost i robustnost. Validacioni kriterijumi prihvatljivosti su postignuti u svim slučajevima (recovery vrednost se kreće u opsegu od 100,01 do 101,68 %, RSD<0,44 %). Metoda se može koristiti za određivanje aktivne supstance u uzorcima nakon rastvaranja meksiletin-hidrohlorida iz kapsula. 
